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ABSTRACT: 

A modular wafer processing system requires a wafer handling arm with a minimum of moving or 
sliding surfaces which can generate dust The arm is constructed of a first rigid arm (252) pivoted 
on the axis of a fixed cam (24) and a second rigid arm (256) with a Vrafer holder (280). A pulley 
(254) 't& rolatably mounted on the axis (272) of the pivot of the arms and a belt (243) extends 
around the pulley (254) and the cam (242), The belt (243) is fixed to the cam (242) at a point 
(242f). The arm is used in a wafer handling apparatus provided with reduced atmosphere 
chambers in modules (200a. 200b), Fig. 1 (not shovwi). to which process modules (301a, 301 b) 
are attached. Gate value modules (100a. 100b etc) are provided between the chamber and 
process modules. 
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(57) A modular wafer processing system requires a wafer handling arm with a minimum of moving or 
sliding surfaces wliich can generate dust. The arm Is constructed of a first rigid arm (252) ph^oted on the 
axis of a fbced cam (24) and a second rigid arm (256) with a wafer holder (280). A pulley (254) is rotatably 
mounted on the axis (272) of the pivot of the arms and a belt (243) extends around the pulley (254) and 
the cam (242). The bett (243) is fixed to the cam (242) at a point (242f). The arm is used in a wafer 
handling apparatus provided with reduced atmosphere chambers in modules (200a, 2(X)b), Fig. 1 (not 
shown), to which process modules (301a, 301b) are attached. Gate value modules (1(X)a, 100b etc) are 
provided between the chamber and process modules. 
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SPEOFICATION 
Wafer handHng arm 

' S^v^o^'^lTns to a «>bot arm suitable for use in a modular semiconductor wafer 
processing system. 

10 tr^<:'^TroZ"^ for handling wafers had parts which slid on each other or meshed 10 



with each other thereby creating dust 

''K^^jS^f'^e invention to devise a «,bot am, for handfing wafers in a vacuum which 
15 eliminates ^ ^S'^^^ to provide a robot am, wherein the carrying end of the 
ar^ Sali;^an'1??.,^^pSi'over a substantial portion of the stroke of the am,. 

20 TTp^rJErraruses a spedalV ^P-Jj- k™1***? oea'^' 

unt^^ts the am, mov^ J^trSSTr^'S'"^^^^^ to the first am>. The 

JJrn;%'Srt.St^rnd%^C^ anTp^^^^^^ .ine?r ^ over a substamia. portion 

25°*^sraSXer^r.Sr»lS^peSall^^^ 

v?r<^ STdBtXl description given herdnafter wi^ , 
JSSaX dr^r^cTff^ one preferred embodiment and ahematives by way of 

non-limiting examples. 

30 

"Hg^rfTtT^X P»an view of one embodiment of the system according to the 

shows a partial perspective view of the system shown In Fig. 1. 
. fSH^ 3 sISJJ a Jartially sc^matlc plan view of a second embodnnent of the system 

'"^?4'"s£.TA cutaway side view of the gate valve module according to the 

40 v«th the am, shovw, also in phantom in a Mcond position. 

^ 78 SS^ «r«nbodta«« « e« tOBMhe, with ^ 
45 p,». *w . -*odi™». of the k»dlo* « 

50 '"'^r n is a top view in partial section of the sputter moAite according to the invention. 50 

55 se^n^^ii^e 14^1^ ^ ^ Rg. 1 1 along tfje a^fj"?' ''j^J'S-^^- 

K 16 te 2 S^sectional view of the mechanism for recennng the wafer from the 
trai^port am, along the section line 16-16 shovm In Fig. 12. 

60 
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dules 300a-300d, and pass-through module 500 connected between transfer niodules 200a and 
200b. 

Wafer handler and loadlodc module 400 is generally rectangular in plan view and region 407 
exterior to loadfock chamber 406 and wrthin the confines of module 400 is at atmosphere 
5 pressure. A controlled, low particulate atmosphere environment is provided in this portion of the 5 
system. In operation^ a selected wafer to be processed is loaded from a selected one of semi- 
standard or equivalent wafer cassettes 402-403 in wafer handler and loadlock module 400 by 
means of wafer handler 405 which transports the selected wafer from its cassette to wafer 
aligner and flat finder 408 and from wafer aligner 408 to loadlock chamber 406. Wafers may 

10 also be loaded from cassette 404 which Is reserved for process quafification wafers. Cassette 10 
401 is a storage cassette allowing wafers to cool after processirig before being placed in one of 
the other cassettes or thin film monitor 409. Wafer cassettes 401-404 are tilted at a small 
angle relative to the horizontal, for example, 7 degrees, so that the planar surfaces of the wafers 
in cassettes 401-404 are offset from the vertical by this same small angle so that the wafers 

15 are tilted to be in a knovym direction relative to the wafer retaining slots in the cassette when 15 
resting in their cassettes. During the transfer of a selected wafer from its cassette into loadlock 
chamber 4C^, the wafer is first mowd by wafer handler 405, while maintaining the surface of 
the wafer In a vertical orientation, to wafer aOgner 408. The selected wafer is then rotated so 
that the planar surfaces of the wafer are horizontal and placed in k>adlock 406, which is then 

20 open to the atmosphere. The planar surfaces of the wafer then remain horizontal during the 20 
transport of the wafer through gate valve module 100a irrto transfer module 200a by transfer 
arm 201a which extends through entry-exit port 210 of transfer module 200a and gate vah/e 
module 100a to wrthdraw the wafer in loadlock chamber 406. 
Transfer module 200a has four ports, 210, 211, 212 and 213. Ports 210, 211 and 212 are 

25 controlled by gate vah^ modules 100a. 100b and 100c, respectively. Port 211 and Its corre- 25 
spending gate valve module tOOb connects chamber 216 of transfer module 200a vwth chamber 
301a of process riKxiule 300a. Similariy, port 212 and conesponding gate valve module 100c 
connects chamber 215 of transfer module 200a with chamber 301b of processing module 
300b. Interior chamber 215 of transfer module 200a is maintained at a selected pressure less 

30 than atmospheric pressure by a conventional pumping mechanism (not shown in Rg. 1). In order 30 
to increase the rate at Which chamber 215 may be evacuated, chamber 216 is dimensioned 
relative to arm 201a to minimize the volume of chamber 215. 

After unloading the wafer from loadfock chamber 406, transfer anm 201a retracts into transfer 
chamber 215 and gate valve 100a is ck)sed. Transfer arm 201a then rotates through a selected 

35 angle in order to present the wafer to a selected process port 211 or 212, or to transfer port 35 
213. When a selected wafer is presented to a process port, e.g., port 211, the con-esponding 
gate valve module, e.g., module 100b, wl^ch is closed during the transfer of the selected wafer 
from loadlock 406 into chamber 215 of transfer module 200a, is opened by means of a control 
system (not shown). Arm 201a is then extended tfvough the process port, e.g., port 211, and 

40 the con^esponding gate valve module, e.g., module 100b, into the conBsponding process cham- 40 
ber, e.g., chamber 301a of the corresponding process module, e.g., 300a. The wafer is then 
off-loaded by mean? not shown In Rg. 1. 

The process modules 301a end 301b may be the same, so that the same operation Is 
performed therein, or these nrwwlules may be different with dtfferem operations being performed 

45 therein. In either ca^e, the provision of two process modules 300a and 300b connected to 45 
transfer module 20da via ports 211 and 212 and gate valve modules lOOfa and 100c, respec- 
tively, together with entry/exit port 210 and valve 100a connecting transfer module 200a to 
wafer handler and loadlock 400 permits non-serial processing of wafers and increased through- 
puts compared to sequential processing systems. The time required to transfer a wafer from a 

50 wafer cassette and .offload the wafer in a selected process module is typically much less than 50 
the time required for the processing of the wafer within the process module. Thus, when a first 
wafer has been transferred from an input cassette into a selected one of process modules 300a 
and 300b, during the initial period of processing in process chamber 300a, a second wafer may 
be transported from loadlock chamber 406 to process module 300b. Transfer arm 201a may 

55 then rotate back to port 21 1 to await the completk>n of processing of the wafer in process 55 
module 300a. Thus, during a substantial portton of the time processing is occuning sintultane- 
ously in process modules 300a and 300b. If desired, process module 300b may be a pre- 
process module for sputter etch cleaning, or for deposition of a metal film by a process other 
than sputtering, for example chemical vapor deposition, when the main process stations are 

60 employed for sputter deposition. The wafers may then be processed in the remaining process 60 
chambers in system 1 . 

The provision of the second entry/exit port 213 in transfer module 200a permits connection 
to additional process modules 300c and 300d. Transfer module 200a is connected to an 
identical transfer module 200b (conresponding parts bear the same numerals) via pass-through 
65 module 500. Pass^through module 500 connects entry /exit port 213 of transfer module 200a 65 
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whh entry/exit port 210 of transfer module 200b. thu$ fOftning a «n9le vacuum clwHjw.JMien 
rtteSed to transfer a wafer carried by arm 201a to one of proce«i <*|"*«^300^«'^ 
Swd^ v^erTofftoaded to a flat aOgner 501 In pass-through module BOO. Tto ««fer is 
*Vn oJSa^ to am, 201b of transfer moduTe 200b and transferred nUo the jelec^ one^ 

5 nr^^m^ules 300c through 300e by ami 201b via corresponding gate «hre "jo*^* J"^^ ^ 
SST^ When a wafer has been completely processed, it is fr^""tte processing 

mSr in which it resides to loadlock chamber 406 and thence ta a setected cassette 
Son04)^ transfer amt 201a or via transfer am, 201b. Paf^through chamber 501 and 
Snsf^^in 201a. Process module 300e Is drawn with dashed fines to indicate that it is 

in nntional and to illustrate the capability of adding modules at will. 

T?rsS showTln Rg. 1 may be expanded lineariy by replacing gate valve lOOf and 
Di^Ji^^ruleSSoL by a pass-throughT^^^^ identical to pass^-through 
fn^^sfe?modute200b whh a transfer module (not shown) identical to transfer module 200b. 
K?s^ iT^L^d to a corrasponding plurality of process 

15 hlRa 1 may also be expanded In a nonlinear fasHon by ^pladng process module3(K)dby_ a 
^r^;hr™K,K modute identical to pass-through module 501. connecting transfer module 200b 
SrflS^^iL^^te (SS^in)Wentical to transfer module 200b which is connected to a 
"^S^^ZS^ iT^rlw»ra. if desired, optional process module 30^ n«v also 
S^^^ESI by a seSnd Jwfer handler and loadlock module Wentical to wafer handler and 

'°^!r^SSirof the processing system shown in Fig. 1 permits "on-senal p«.^J^. i-e.. 
anv^LfereSg toadtock 406 may be transfen^ to a selected proems 
S^suS though Jiy other process chamber and any wafer may »>« ,tran^"«J ^« 

ctember to any o*er selected process chamber or to loadlock chamber 406 without 
2S SIS AroJgh imennedlate process chamber. The operation of the transfer anns. gate 
K expand iSJdlock d«mber in system 1 are controlled by a master comrojer 
HrS'lnS shS Tte master controller drcuit is typfcaOy operated so that the ^ valves are 
rSSrS 2 iS no^-iv^ process chamber Is in direct communication with another process 

,n "^T'ninSriarprSr^^^^^^^^ operation of the remaining 30 

n^^^'^^^^^^pSi:^ inoperative. The non^erfal processing also 

Z?e?oZ^ce o?8 replacement process module or of any designated P"*^ mo^"'^ 
foTTd^kSwNte the remainder of the system continues to operate. For example, if it is 
S^^SlTS pSCI«nce of module 300c. a monitor wafer stored in cassette 404 may 

3B £ t^sSrreJirjrS^mber 300c. processed and returned to cassette 404. IJmng the 35 
?oSng^d»mber 300c. the remainder of system 1 continues to process produCtKH, 
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R^^s shows a partial perepective view of the semkxMiductor wrafer transport and processing 
^^X^^ Sn hi oartojlar the housing of transfer module 200a Is generally cyflndncal 
40 S'tS^'^ri.Si cil^^^^ and cylindrical wa" 297. j^™^ top 4 

2Ml1S bottom 296. The housing may be made of any suitable vacuum compatible matenal. 

*°VSr^?ls'5t^t,l5^r chamber are defined by extensions of the h«^^ 
hoISiSl^o^ ?>SnS?fom imerior chamber 215^ the ext^ior of *e housing. For example. 

AH nftft 210 fl=ia 1) Is defined by housing exten^n 299a, shown In Rg. z. . ^ 

^ "^Sg 3 sEts a partially sci/ematic plan view of a second embodiment of the v.afer^.Jport 
and oroiissinq system of the presem invention. Wafer transport and processing ^stem 2 
fndLdetlS; tSXrSler and loadlock module 40a. exit wafer handler and k«dkK* mo^^^^ 
iS? trensS^S^BS 20a and 20b. gate valve modules 10a- 1 Oh. and P^^ff^^^^^' , 

Kn 30f and 30a Wafer handler and toadlock module 40a is tiw same as wafer handler and 
Sd'k^mSutelbo S^wnln Fig. 1. Transfer module 20a inchides a vacuum chamber havmg 
J^^s'tl^^l^ f^oS^municating'the imerior 23a of transfer ^^^^^Oa «^tijB ext^^^^ 
module 20a Ports 21a-21d are opened and closed by gate vahra modules lOf-IOd. Transter 
mSule IS' is connected to an. idemical transfer module 20b via flat aligner 50a. tiMis fonnmg a 

55 Sn1£ vaoTum ctemSS which is evacuated by convemional pumping ^' 
?£t aliJS^ 50a may be replaced by any suitable means for positfoning a wafer 'n jd^ 
re^Sori^rTranSer module 23b has four por^. 21e-21h wWch are opened and 
clSed by gate vahre modules lOe-IOh. respectively. The Intenor 31c of reame lonetch 
SSJe 3(5 is connected to interior chamber 23a of transfer module 20a and to intenor 

60 JSJ^L Sb o?rS?module 20b via ports 21c and 2 1h. respectively which c«moHed 
Sfnate vaWe modules 10c and lOh. respectively. Similariy. the intenor chamber 31b of sputter 
SToSut 3Sb cor^un^^^ with interior chambers 23a and 23b of ^^"^J'f^^ 
2^ via Dorts 21b and 21e. respectively, which are controlled by gate valve modules 10b and 
lOe resSely Port 21g controlled by gate valve module lOg, connects imenor charnber 23b 

65 iflPa^Sl 20b wS. interior chamber 31g of chemfcal vapor deposmon module 30g. 
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Port 21f controlled by gate valve module lOf. communicates Interior chamber 23b of transfer 
module 20b vwth interior chamber 31f of rapid anneal module 30f. 

Master controOer 60 cortmunicate& vnth each process chamber controOer P and w* entry 
module 40a and exit module 40b and operator control panel via standard communication bus ^ 

^ ^ In operation, a selected wafer is transported by a wafer tandter (not shovim Rg- 3.) frMi a 
Je(^ed wafe^ cassette (not shown In Rg. 3) in entry module 40a to flat finder BOb and thenw 
to iSSfoTSBSr 46a. which is the same as loadlock chamber^6 shown in F«J Transfer 
ami 201c of transfer module 20a extends into loadlock chamber46a v.a P«\21dj«*ich b 
10 ooened and closed by gate vah^e module lOd. The selected wafer is then on-toaded to transport 10 
^20lTvShiS«n iloBcts Into interior chamber 23a of transfer module 20a Ann 201c then 
SertS-^a^lUted angle to p^sent the selected wafer toport 21c or 2 b or to fbt 
SSer 50a. A v«fer transferred to flat finder 50a may be or^^oaded onto either transport ami 
201d or onto transport am, 201c. Wafera oiHoaded from flat finder 50a to t«ansport am. 201d 
15 are reacted bytransport arm 201d Into chamber 23b rotated through a suitable angle and 15 
^ ;^edT?S2i^P<ir21g or 21f. The gate valve module ^'T^^^^St^ 
Senopens the port and transport arm 201d extends into the interior ctambw of the setected 
X^odl\vhera it is off-loaded by means not shown in^. 3. When ttet onenteoon « 
L required for a wafer or ditilariy symmetric substrate, the wafer or 
20 ferred from transport ann 201c into process chamber 3 1c or process chamber 31b viagate 20 
«n iSTand 10b. lespectivBly. and from there, via gate valves lOh and lOe. respect««Bj^ 
SSy to transport aW^d. bypassing flat finder 50a. When a wafer be«, '^mpteteV 
proceed, the water Is on^oaded to the transport ami servemg theprocess ""odj^ej" 
5ie wafer W located., and transferred back to exit port 21a. For a 25 
25 or 30c this Is accomplished through the retractton of transport am, 201c from the proce^ Z6 
SaTrtS^r Slowed by a suitable rt^on of transport am, 201c, wWch is then extended thro^h 
SSt S. wWch is controlled by gate valve module 10a. into loadlock ^^L^^^^'J^/^^' 
b process module 30g or 30f. the wafer Is first transfenred to transport amfi 201d and from 
arm 201d to arm 201c via flat finder SOa. ' j . . j- • • _ on 

^nridrciSr arc 25 denotes that the system shown in Rg. 3 may be expanded by adjoming a 30 
thwWsfer module similar to transfer module 20b to a flat finder kxated at semicircular arc 

^ The modules shown m the embodiment of Fig. 3 are interchangeable, alkwing the system to 
be configured with any comWnation of modules that may be desired. ^ 

The system shown in Rg. 3 has the same advantage of non^rai proce^ ^ 
shown in Rg. 1. The system shovwi in Rg. 3 is somevirtiat more flexible in that transport arm 
201d servkis four processing ports and transfer ami 201c sendees two P'^^^SPons^ 
both an entry and exit module. If desired, entry module 41a may serve as both an entry and 
exit module and exit module 41b may be replaced by a process module. Simiteriy. if desired. 
40 anv process module may be replaced by an exit module or by an entry module. w 
Ftas 4 and 5 show a partially schematk: cross sectfon and a partial cutavvay cr^ section, 
res^e?. of one emb^mem of gate valve module 100. Gate ^J^S^^^ ^.^^T^J^ 
^^b^en port P, andportP,. Port-P, is defined by «ttens|on 299x of^ h«ismg of a 
first (*amber which is either a process chamber, a transfer chamber or a kiadlock chamber, 
45 SS^Sa^irtomis a generaV^Ltangular slot <«me,«ioned to accommodate the exte|«K.n 45 
therethrough of wafer transport arm 201 shown in Rg. 6. Such an extension (299a) of tlw 
hcS^ u^sferLdule 200a is shown in perspective view in Rg. 2. Port P, « ^larty 
defined bv extensfoh 299y of the housing of a second chamber (not shown m Fig. 4). 
nSSsing e^nsions 29ac and 299y defining ports P, and P, are attached to valve body 102 
50 by mean? of a first.plurality of screws S, and a second plurality of screws S, dn^'tthro^*' 50 
flanges 295 and 296 respecth/ely. Valve body 102 may be made ^^""^^^f^^. 
suable material. Elastomeric 0-rings 103 and 105 between flanges 295 and 296 respecttvdy 
aS^bSlJlO™ provide a wcuum seal. Valve body 102 has a horizomal slot 160 which extends 
from port P, to port P, when valve gate 125 is lowered to the phantom position shown by the 
55 dashJd ime^ in Rg. 4. Slot 160 is shown in side view in Rg. 5 and Is J-T^'^^^d to 55 
accommodate the extension of v*afer transport ann 201 shown.in Fig. 6 from port P. to p«t 
prrhTdashed line A in Rg. 5 denotes the central plane of stot 160. When vah^e £^e 125 is 
in its fuOy retracted positron It does not extend into slot 160. TWs position is dfnotedby 
dashed irne in Rg. 4. When gate 125 is in its fully extended position, eiastomenc Ofing 104. 
60 ^iSms seJTed in ^tch 10^, fom« a vacuum seal between port P, and Port Pa^Ebstomenc 60 
strips 106 and 107 seated in notches 106a and 107a, respectively, do not perform a vac««m 
sealing functton. Rather, when vah^e gate 125 is in its ftilly extended positkin, stnps 106 and 
107 provide contact between body 102 and gate 125 so that a rotational momem Produced 
on gate 125 which opposes the rotational moment on gate 125 produced by the contact 
65 between elastomeric Oring 104, body 102 and vah/e gate 125. In cross-section, valve gate 125 65 
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Ste'^.SS Jj^e'mSuriS^ Is the asymmetry of the c«>ss section of valve gate 
arJL^ro^0rp^^>S!s7^ sealing ftinction. trapezoid 125b is made sut^ 

steel snait iw •»» «* a' nn^^des a vacuum seal between the chambers 

beiw^ flange "^f^'T^'^S Kmosphere exterior to valve module 100. 20 
20 (not shown) connected to ports P, and "^a ™ ^ , jj, ghaft 140 translates vCTticaHy in 
khaft 132 Is «»^' vrf* and ng,dty^^^^ Zs'SLlS^vaWLate^lSTtSuO^ velftlcally 
cyiindri.^ cavity 1*1««ni^^''y ?32 te t^n«l soX longitudinal axis 128 of shaft 

cross^ection shown m Rg. 4 and P«^9 i^.lSL „° ^ CWng 104 and eiastomeric 

^n5eM60"by mea^^Tf sS:^wr56. Shaft 14o'is translated vertically by a convent«H«l a.r- 

30 driven piston . , -^-^ a oartially cut-away side view of wafer transport 

Rg. 6shoy« a plan >^w an^^^^^^ ^^V^^^^ 201a emptoyed in 

shaft coaxial feedthrougti •''**,5'9- ''^Y^' ^ interior of housing 220 of wafer aim mecha- 
feedthrough provkles « vaa«m seal l^een ^ ^ 220 

nism 201 *^«^'^sl»'°^SSic known In the art; for example, a 45 

45 by means of 222^ucn a wrrwiurarc a implement the drive mecha- 

ferrofluidic feedthrough made Jeaofluidic. ii^ may i^^^ h 

55 example, a stainless steel """Tt'^^^J, Jt*"^^^^ frSt^nded through port P,. In this embodi- 
2* 232 of teLuMfc feedthrough 224 while OWM rtaft 238 """"f ^l,. 
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position inside vacuum chamber 215 as shown by Pt^l^o"? f"*'*'" ^SCT. 
^ Once wafer transfer ann 201 has been retracted ini'dediamber 215 both ^ 
242 are rotated through A selected angle by rotating both inner shaft 232 and outer shaft 238. 
respectively, through the same selected angles so that arm mechanism 201 is properiy posh 
5 SSw be Stended through a second selected port The ports P, through P« shown in Fig. 6 5 
Sre 90- aSt^ rtSfor this embodiment shafts 232 and 238 are rotated through a multiple of 
90- to po^on wafer transport arm 201 for an extension through another port. The extenswn is 
e«»mpUshed by rotating arm 252 about tiie axis of shaft 232 in a clockw.se direction with 

10 '^S^^SrS^^S stainless steel cable 243 wraps and unwraps from cam 242^ wafer 10 
trai^Dortann 201 is extended or retracted through a selected port, there is no sTiding or roBing 
wS^i. cam 242 and cable 243. Thus, this design is particulary suitable for maintaining 
a dean environment within vacuum chamber 215. _x u ion 

Cam 242 must be specially shaped in order to ensure than vrafer holder 280 retracts (and 
15 extends) in an approitoately lineal manner along axis A. If tiie motion.is to be Unrar. elemen^ry 15 
Stabfishes *at the angle 6 between port axis A and axis M and *e angte phi 
b^een arm Ids H connecting the center of wafer holder 280 and passing tiirough axis 273 in 
the plane of fig. 6 a» related by the folmula: 



20 



20 phi-»90"-e+cos-^ tW/fl sinB] 

where d is the length of arm 252 from axis 250 to axis 273 and f is the lengtii of axis N from 
axis 273 to the center of wafer holder 280. . ^ .. • ^ w 

Table I shows a primout. of 6. phi. the difference {decrement) de»«. P^' f ""flle phi for 

2B consttnt mcrements in the angle e of 3». tiie ratio of the decrement In phi divided by ti«e 25 
SSp^rSS^^^SrlSnTn eTti» x.y coordinates of axis 273,and the f^ke W-^c^f 
of tiie center of wafer handler 280. for the case v«here d=10 inches (25.4 cms) and f=14 
inches (35.6 cms) ). 
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Cam 242 is designed in two stages. Rrst. iho ratio between tlie deCTement deha pW in the 
anole ohi divided tw the corresponding increment delta in the angle 6 is computed for each e. 
ZL'Stirare mL used to design a theoretical cam profile. If r ^^^^^.^^^ 
254 for each angle 6 (where O<0<18On a line segment having a length of (delta phi/delta «r 
g Is Dl'aced witii one end at the origin, with the line segments extending from the ongin at an o 
knale of 6-90- A smooth curve passing through the ends of these line segments (radiDdeRnes 
one portion of the theoretiial cam profile. The remaining portion of the theoretical cam profite 
(18(r:<^36Cn is defined by requiring that the cam profile be symmetnc with respect to the 
origin, since cable 242 is of fixed length and must vinap on one side of cam 242 as it unwraps 

10 fr*j2^^^'^242 drives pulley 254 by means of a smooth stainless belt which wraps and 
unwraps on pulley 242, modifications to the above profile must be made to take into account 
this physical drive system. An herative feed forward modification process is employed^ 
described by the flow chart in Rg. 7a. Heuristically, the program starts with *e selecteda^te 
15 IS the inesponding theoretical cam radius Ra and tiien checks for "^'^J^''^ 
Se Initial radius Cand subsequent theoretfcal ladn R,. R,. • • • R„ conespondlr« to angte^ 
fl+dX e e„+2delta 00+ti (dete selected positive integer N, and a selected 

2^teT"?,;t:S^^is'defi;.5 by *e mequaHtles apPfaringbi^e flow chart W,e^ 
SrtSerence is found, the theoretical radius Ro Is reduced by 0.001 P™?^'^^ . 

Sle initial iBdius has been reduced so that it does n«>tjnterfere' V^s "du^^^«> ^0 
then the intial radius (for the angle flj of the actual cam. The entire proems is then repeated for 
STnert ISSiScal raSus R„ a^d so on. The reduced radfi R-„ R*,.. .-define a corresponding 
portion of the actual cam profile by passing a smooth curve through the end points of these 

"h should be observed that the constant 0.001 by whteh the radius is reduced and the 25 
maximum tolerance and 0.002 m the test inequalities m the flow chart of RS- 'A 
S^SS^by oSer smafl constants depending on the degree of a<«uracy slight. Rg. 7b sljows 
S^actual cam profile and ifie motion of the point at the center of the f J^** 
oath P for tiie case where r=1. d=10. f=14; using the above process to define the active 
30 Srtion of *e cam profile 242 v»heiB N=7 and delta 0=3". In tiie above figure the acuve 30 
K of Se Sm profile occurs for values of 6 from 25- to 129-. An active portjon of tine cam 
K is a Wion of tfe profile from which the stainless steel belt 243 wraps and um«aps. 
Tto active «m is also defined by symmetry about the origin but tiie ^^pl^J"!"™*""^"^ 
in the left half plane is not shovwt for ti« sake of clarity The inactive portion of 
35 be defined in any manner which does not interfere with P^<?«^«,^-*® 35 

ior example shown in Rg. 7b. which is drawn to scale. The fixed point 242f may be sderted 
as any point in tiie inactive portion of tiie cam profile where tiie belt makes contact. The Jibcwl 
poir2Sffe selected so tiS^tiie induced rotation of pulley 254 do^ not ^^iPO''" 
254f on beh 243 to rotate off pulley 254. If desired, the belt may be .^xte-Kted froma 
40 fixed point m tiie inactive region of tiie profile of cam 242. around pulley 254 and back to a 40 

second fixed poim in tiie inactive region of tiw profile of cam 242. 

T^tiw embodiment described above pulley 254 is circular. However, a simter f»^^J^ 
defining the profile <rf cam 242 to provWe linear motion may also be employed wrth circular 
nullev 254 behiq replaced by a noncircular cam (pulley). . ^. ^ . ^ ac 

45 T^nW eXdSn^of *e wafer holder and loadtock module 400 Pg. 1) w^k* « to 45 
particularly preferred, tiirae or more cassettes of wafera era loaded into tiie vacuum m separate 
^dlocks in order to feoBtata high speed piocesang and wafer outgassing. As shown m Fig. 8. 
«^es iorS)?an?406 arl shown in loadtock chambers 408. 410 and 412. raspectnrety. 
??,?Sssefl«s aretoaded tiiraugh doors 414. 416 and 418 from tiie clean room. These kwdlock 
50 Ilam^ra^ pumped from betow by suitable pumping means (not shown)^ J"^^^ tevete 50 
of vacuum ara achieved valves 420. 422 or 424 (shown only scherr«ticalW n«Y be opened to 
permit movement of tiie wrafers from tiie cassette into tiie wafer loadock »«ndling diamb«r , 
426. Witiiin tiie chamber 426. a handling arm driving mechanism 428 is mounted on a ?ack 
430. The handling am. driving mechanisnri 428 may be moved along tiie t™ck 430 to dignwith 
55 each of tiie toadlock chambera 408. 410. 412. A two^iece ami 432 is mounted above and 55 
r^en by^e handfing anfi driving mechanism 428. The ami 432 is used ^ reach through any 
one of the valves 420. 422. 424 to pick up a wafer from a cassette or to return a ««fer to tfie 
cassette. Hevatore (not shown) below tiie tables on wWch tiie cassettes rest ere us^ raise 
or lower tiie cassettes to pem^it tfie ami to reach different wafere in ^"^^^'^.^ 60 
60 432 can be used to move ti« wafer to a resting table 434 from whKJh rt b "PJv 
anottier wafer handling device of tiie system. Hot wafera picked up by the arm 432 ^ be 
mowd to storage ca^ttes 436 or 438 to pem^t tiie wafer to cool before moving tiie wafer 

^tn ^mJISt^^feSire of tiie invention is tiie concentric wafer orientation device '/woipoi^^^ 
65 into tiie handBng arm driving mechanism 428. A table 436 rests on a shaft (not shown) which is 65 
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concentric with the shaft connecting the handling arm driving mectenism 428 » •^"J'^ 

A^ew of this arrangement is shown in Fig. 9. A v««afer is placed over tl» tebte 436 
JltiiVam «2 The table 436 is rotated so that the wafer edge passes between light emitter 
Ssa^STghf itertor 440. Rotation of the edge, of the v«fer through the "g^t proj^. 
E hrtensity variation information as a function of angle of rotation which penults the cent^ 
cJSStSw to calculate the cemroid of the wafer and the position of .the flat, "nje «"np;fer tf«n 

tot and stores the infomiation on the true center for setting the wafer on the table 
S Furtiw detans of this embodiment of the loadlock module are given in the copendi^ 
ScatiS!^ Richard J. Hertel et al emhled "Wafer Transport System", filed on even date, the 

10 disclosures of which are hereby Incorporated by reference. . . „ ,. _» j 

InS Sr pass through module 500 can also use the same rotatlor«l ftat aUgnment de^d 
abovJ TZ St angner 501. The lotatable table 436 receives the »«fer into the moAJe 500. 
?Sr^hl emitter 438 and light detector 440 are used to provide Oght intensity information as 
oreviously described to permh afigning the wafer. , ^ oko Cxrttor m 

m RfllO shows a schenatic diagram of one embodiment of sputter module 350. Sputtw 15 
mSfute ^BO^uSJTp^pnxess vacuum chamber 301. wafer handler ami 340. valve 338 

p?o^dS^B vacJum seal between process chamber 301 ^J^^^^,^^ 
qa2 i™rt^ 31S and match box 316. In operation, a vrafer is transferred from the wrafer 
Sort^i;n^hani^^^^^ Fig. 10; sSe F«s. 6. 7) in transfer chaml»r 200 to gate 

20 S ^SdJte to wifer handler am, 340 which is shown in more deterf in Rgs. 1 1-14 20 

i^Rri6^(irvah/e module 100m, is the same as gate valvemodule 1 00 .^o*^ ^ R9«; ^ 
S3 5 Wten the transfer of the wafer from the transport ami mechanism in chamber 200 to 
^^"tendter am, 340 te complete, valve 100m, is closed via a oojmol med«nism {not shown). 
rSiSnerX atmosphere in pmcess chamber 302 is isofated ^^J" jhe^P^?^^ ,5 
2B J^er ctomber 200. Wafer handler arm 340 then rotates the honzontel vrafw W d^ped 25 
S^SSTsB- within process chamber 301 so that the planar surfaces of waf* W n«ke 
an S3e^5' «nth the verbal. TWs rotation is shovw, in perspective view in Rg. ]2.\Nzter 
aSn 340ti^en rotetes virtth wafer W clipped thereto through valve opening 338 Into 
Si cZJSer SS^n rotates with Jf^ W through 5- so that the planar ^j^^ 
30 ST^e? a? vertical and a portion of tiie back surface of vsrafer W r^ on h^ 3 5. Heater 30 
575 fe SL?Lown^n ti,e art and may be. for example, part no. 682530 n«de by Viman 
iloi^T^ tac Match box 316 provWes an impedance transfer between the RF heating source 
r^'SJo ^Jd beta's; glow'discharge. wS. the wafer at a sele^ {r^'^"*^' 
fi^n^304 IS then activated via a control mechanism (not shown n Rg. 10. Gas hne 3TO 
35 SeTaraJn^S SrHeiected pressure to vah,e 310. Needle valve 3 1 consols tije flow of 
SSS??or«lfllO to sputter S«mber 30Z Needle valve 3^comj^ tij^ to 
^ «.«if« finrmed between the back surface of wafer W and heater 315. Switcn du» is a 
2L^raSJJt«lSr«Sch acts as a back up safety switch to cut power to sputter source 
§S?nd ToS^SLl apparatus associated with the sputter module ^,,^^,5 
AO ^rrtTeV 302 rises above a setected level less than or equal to atmosphenc pressure. Intertock 
2Zh te a^lfSwswitch which cuts power to source 304 when tiie access door (not 
SSSi) i^Rg l^t^S Similariy. imeriock swrtch 314 is a safety switch which cutspow^r 
SteSw 3 5 v»hen coofing water flow fells. Gauges 318 arid 319 measure pressure in chamber 
?of^qW^^Se^8measures pressures in the range between atmosphenc Pr^«^ 
45 1S-3 St te?S 319 measures ^assure less than approximately 19. ' torr. '"terioc* «wrtch 
I1 7 is a sSJt? s,Sitch which cuts power to prevent opening of valve 338 when chamber 301 is 

"nSS'ISnoLter gauge 320 Is a pressure measuring devl^wWch senses pressure in 
ch^nSr^ndTay be isS from chamber 301 by vaWe 313. The P^TP-nS. r'^^ 

50 Sdt^evacuate chamber 301 is weO known and includes roughnig pump 323 ^fj^^ 
Pressure m *ambers 301 and 302 via vah« 336 to a selected pressure, approximate^ 10 ^ 
fo^ Ihtah vamim pump 322. for example a cryopump. then furtiw evacuates chambere 301 
lnd3T,rfrS 324 when valve 336 is closed. Valve 324 is ctosed to protect pump 322 
Sin chamb^'SSl is vented to atmosphere. Chambers 301 and 302 are protected by ^a trap 

55 l^o? sS in the pumping system fbreline. Valve 325 is used to evacuate pump 322 for 

"^^^le^flTwTa cross-sectional view of ti» mechanism by whid, a wafer Is tranrfem^ from 
wafe ttansport am, mechanism 201 shown in Figs. 6 and 7 to waf « '"fP^^ 
moduleDreorocess chamber 301. A wafer is transported imo chamber 301 arm m«Wm 
60 (L^hJJ^In Rg. 16. but shown in Rg. 6) being extended *K«gh port P so wjfer W 
S^bv wX holder 280 of arm 201 is situated above a first table 500. Table 500« ngidly 
SSS?ed^n tSft 501 which, driven by^^r cylinder 502. is lin^rt/^^ns^^^^^^^ 



35 



40 



45 



50 



55 



60 



ry Sirh^ad^^a^row 5 passes through flange 397 imo vac«n. 

Simber 301 bS 6^622 which is welded to flange 398 which is mounted to flange 397 of 
65 SiJ^ 3?6 an^ Lrimeric^g 520 between bellows 522 and shaft 520 provide a vacuum 65 
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«<>»i between chamber 301 and the exterior atmosphere. Table 500 is dimensioned so that it 

KS^S^SS^gh ie circular opening in wafer holder 280 (see Fig. ^tijus removir^ the 
Sr^S^ S which is then «ithd,^ from chamber 301 as «cpl^ m conjunction 
3 fS^ eTnd 7. At this point wafer W rests on table 500 as shown in Rg. 16. Note that 

« JTedae of Sr Wextenite beyond the perimeter of table 500 in the scalloped areas (not 5 
JS,^rof taSTsOO XrS cfips Vnll eventually engage the wafer's edge Wa^^T^^lSr 
IJSte rotated (as explained below) so that circular opening 342 (Fig. 11) in v««fer holder ptet« 
341 fe SSred ab^ wafer W. A circular ceramic ring 511 is mounted beneatf, nm 510 of 
««! J nSe341 A Diuralitv of flexible wafer clips are fixedly attached to ceramic nng 51 1 at 

10 rS^i'd^V TWO such clips. 5123 and 612b. "^^^^^^^^ B^'p^^JSua 

cSSonding » each flexible wafer clip Is rigidly attached to a secowl ^ble 514 r,^„?!uf 
^SJ^4b corresponding to cfips 512a and 512b are shown in F^. 16. Table 514 is ngidty 
J^I^ ,.7;^ which driven by air cyTmder 504. is lineariy translatable in the vertical 
T^n I by dou'bfJISdeS ZrZ 516. Shaft 503 also^ses t^gh housing 396 

15 of S^be? 301 J^ows 523 mounted to flange 398 of housing 396 and O""^ 
?2?^^ bello^ 523 and shaft 503 provides a vacuums^betwe«. J» 3°;^ 
J J»I^J^rirrntmn«mherB When vrafer W has been transferred to table 500. table 514 is 
"^"^B^S^^tTp^S^^^Z table 514 engages its corre«F«nding A^te wafer 
jTtSSoSnJTtS dip Table 500 is then elevated sothatwaferWislnJiewithtN 

20 oS,S5^ Js^iTe 514 i/then lowered causing the cBps to close f-J^fna^g^ *e edge^„ 20 
SS^W £. 16 shows dips S12a and 512b engaging the edge of ^^J'jT^^'^^ 
jSon WVrable 500 Is then also low^. This completes the transfer of wafer W from ami 

^^Ime!^^ 345 and 346 of wafer plate 341 (Rg. 1 1) are rigidly attadied to d«ft 365 
25 wWr^S^SwBen arm extensions 345 and 346. This is shown in enlarged scale in Rg. 25 
ShSsS oSS^rough gear box 360. Gear box 360 indudes a oonvennoial nght ai^te 

iear m^ te^I? fS^SplSg the rotation of drive shaft 367 to shaft 365 Drive shaft 367 

^ a^l^mr^na Dullev 368 rigidly attached thereto and driven by a suiteble medianism. 

LTT?e^atSSt?Kl?M^n housing 370. I^oto' '^'^^I'^r^^t? frin^; 
30 VB right angle gear mechanism 361. causes wafer ami 340 on shaft 365 ^o^ff^^^ from *e 

iSfeSL tas shown in Rg. 12) along widi wafer W dipped to ceram« nng 511 attached to nm 

?Sr isXSr^ of a dual shaft coaxial feedthnnigh 388 (whid, may have 
fe^idlc s^lsTaSS 367 passes f«,m vacuum dwmber 301 *rough housbjg 396 to exterior 
<JB 2S^368 ^«omeS oiinS 373 provides a vacuum seal between vacuum diamber 301 and 
'T !^ 1^ rr«V<« Outer shaft 378 of ferrofluldic feedthrough 388. which 

S'cSrESrinr^hL^^3^. aS eSilnnro^housIng 396 to puBey 369 whidi is rigidly 
ttemtT OuS^ 378 is rotated by rotating puHey 369 by a suit^ « « 

S^d^dS mSw housing 370. Qastomeric 372 between ferrofluidic housmg 
«^«r rf«ft 378 orovides vacuum seal between chamber 301 and the atmosphere 
^ e^'^to^S.2?3oT. &Sg 3';4 IS weldU to flange 375. Flange 396a is bo^ tofe^ 
3^Range^a is welded to dumber waH 396. O^ing 371 provides a vacuum seal between 

A5 showSIn RQ 12 it is then rotated through rectangular opening 338 mto sputter chamber 302. 45 
^Ir^St^n a;5>^lS«d by rotating outer shaft 378 by <>* "«^'V5^"378 Is 

ihrft^Tft intnrior ta dramber 301 is rigidly attached to gear box housing 360. As shaft 378 is 
Se3 iS rSLmerclS^ 5rectTon,^geSr box 360. sSft 365 and wafer arm 340 all rotete in 
L SuiniSfdirection as shown in Rg. 12. A --^^tion tbrouflh an angte of appre^^^ 

I50 9(^laces wafer W in front of heater 315. By again rotating inner shaft 367. wafer W attached &0 
?n rira^Sl 1 which is attached to vrafer arm plate 341. Is rotated through an Migle of 

SpTo^^LTs- so iS^lts back surface comes in contect with heater 315. When wafer arm 
34oT3riy positioned with respect to heater 315. a pin (not siiown) ad^nt teater 315 
e^ges tfS^angSn^nt aperture 344a in protrusion 344 from wafer holder plate 341 shown in 

wilV holder plate 341 may be one removable plate/shidd or two steintess steel 'ayere 341a 
and^l? b as shSwn in cross section in Rg. IS. Top layer 341a '^rTl'^^SlJT^ '^h from 
?ottom layS 341b by two scraws (not shown). Top layer 341a shidds bottom taY« 341b from 
sSSS deposrtion and helps reduce sputter deposition build up on the edge shield 530 sur- 
60 SSa 2S ring 51 1 Layer 341a is replaced whenever sputter depositions on layer 341a 60 
'° Sfu'pte u^sTmVe levels' Sputter source 304 is well known in ti^ for 

source 304 may be Varian C0NMA6™ and is therefore not desenbed ft^'^*^'*'"; ^"^f j,^^ 
S2 S SoJ S^te open on hinge 304a (Rg. 11) to dipw access to source and shields 

wSn wafer handl^ arm 340 is in preprocess chamber 301 . preprocess diarriber 301 may be 
66 vaSSHm iTcSed fJom sputter diamber 302 by means of rectengular door 351. Rectengular door 65 



30 



35 



40 



11 



GB2193482A 11 



10 



15 



20 



25 



is attached to shaft 391 by brace 353. Shaft 391 is rotated by actuator 380 through a 
r^nk aSS^BOtf«t do^361 fe h front of and slightly displaced from rectangular opening 338 to 
^ !^mhpf302 As si^ in Rg 15. door 351 is dimensioned to be larger than opening 
ISf 351 is sM^We^^ 391 is Uneariy translated so that (W,^ 352 ^»,gly 

^ f nL^ifchamter SSdn^a^ opening 338, To this end. shaft 355 is translated 
S Ste^C end 355a engages door 351 and translates door 351 along axis C toward 

Sin^38.%^^ta^ for drWng shaft 355 contained in housing 381 is stownm more 
dS h Fig 14. Shaft 355 is translated in either direction along axis C by a amventional m- 
Sn piSon rt^ched to shaft 355. When shaft 355 is only par^lly extended toward openmg 

10 SSs oSIg 383 provides a dynamic vacuum seal between chamber 301 and attnc^phere. 
Sowa^iSr^ 355 is fulV extended, when door 351 is rotated away from rts seahng 
SSSton andfe inlte rest position as shown as in Rg. 15. annular extension 3S5b of shaft 355 
S^nJ^s el^ome^ ^nr385 so that a static vacuum seal is fomied between housing 381 
:KnuS?^JTnsTon 355b This novel static seal provides mora rafiable vacuum eolation 

'^^S^'nL^ull'lliS^ and processing system of the present inv^^s 
Attntn^nmB ^nouu -soect to hs application to senwconductor wafer or substrate 

S^^fjthSte Jrier^tlS the iSentivo system is equally useful In the processing 
processing^ snoura d« workoieces Neither is ft required that other such workpieces 

20 SLeit^ti^g-l^^^ <^-^^ '""SS.^Scal 

S^ra^caTthe invUve^em is especially useful for processing any magneto or optK^I 

^TSfinve^" S ^^SS^rti^^^Tembodiment and atematives heretofora de- 

to Whfch vJStiS««Hl improvements may be made including mednanically and electn- 
25 Sv^i^teS mSScaSSs to component parts, without departing from the 

SXp^ patem and tnie spirft of the invention, the charactenst.cs of wh«h ara 

summarized in the following damns. 

CLAIMS . . 30 

30 1. A semiconductor substrate transport arm comprising: 

a first cam; 

rotetaWv mounted on said first cam at said first end of said first arm member. 

^SiS ai^i member having a first end and a second end. said second end being adapted 

40 n^MvtS^SSriS^t'ind Of second am, mem^ and said second cam. said 40 

^T^'rr^'^:^^'^^^^ TXZ' said first ^ ^ 
J^^n trf sawSann member in a first direction relative to said first cam causmg said belt to 

»mJ meSbeV rioX attached thereto so that said second end of said second ami nr^ntoer 
50 TveTaC frcSI'saTSS^cam along a path wWch is approximately linear over a substantial 50 

'^J^TlemlJoSJctor subkrate transport am, as In claim 1 wherein said means ^orr^ 
causes sS secoSd end of saW second ami member to move along a |«th having tength « ^ 
1^^0/2 wher^ is the distance between the axis of rotation of said first ami member relative 

^n'SSrirsulSr^e^r^^^^^ 2 Wherein said substantial portion is 

A semiconductor substrate transport ami as in dalm 1 wherein said second cam te d^^^^ 
and" said fiiS^m is dimensioned relative to said second cam so tiiat said rotebon of sari firet 
fin «™ 5? said^iS direction causes said second end of said second ami to move toward said firet 60 
60 arm in ^^^^^^^^ aDwoximately linear over a substantial initial portion of said path. 
T 'SlLScoS^ct^ s^bSrJS^"^^^^ as in claim 1 furtiier including m^ for rotating 
bo^ sJid fiTcZ^S^ said first ami Lmber tiirough tiie same selected angle about an axis 
oassina tiirough said first cam and said first end of said first arm. ^^^^ 65 

65 A semiconductor substrate transport ami as in claim 5 wherein said means for rotatng 65 
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through said selected angle Includes means for rotating through 90^ 180% 270* and 360% 
-90% -180% -270*' and -360% ^ . • i 

1 A semiconductor substrate transport arm as in claim 1 wherein said substential portion Is 
at least 1/2 of the maximum path length transvereible by said second end of said second ann ^ 

5 substrate transport arm as in claim 1 wherein said first fixed point 

coincides with said second fixed point. 
9. A wafer transporter for moving a wafer over predetermined paths, comprising: 
a first elongated anrtt means having a wafer-holding end; ^^^^ ^ ^^ ,4 in 
10 a second elongated arm means rotatably joined at a first end thereof to the other end of said 10 
first oami means, the second end of said second anm means being rotatably secured to a 

support means; ^ ^ i ^- 

variable ratio control means for said first and second arm means for extending, without sliding 
or rolling friction, said wafer-holding end between a first position adjacent said support means 
15 and a second position removed from said support means over a first predetermined path, tiie 15 
distance between said first and second positions being at least several times the diameter of 
said wafer* 

10 A transporter as in daim 9, in which said control means moves said wafer holding end 
over at least one further predetermined path, said further path being in the same plane as said 
20 first path. 

Pkib6shed 1988 at The Patent Office, State House, 66/71 W Hofcom, London WCIR 47P. FtJrthcr^fes may be obtabwdftom 
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